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LEOPOLD CENTER FOR SUSTAINABLE AGRICULTURE 
Southeast Iowa on-farm demonstration of 
sustainable tillage systems and weed profile 
developments on those systems 
Abstract: This study was designed to determine whether tillage systems left in place for significant 
periods of time develop different weed profiles. No-tillage, reduced tillage, and conventional tillage 
were placed in a corn/soybean rotation that had been maintained and documented for 15 years. No-
tillage was the only corn tillage treatment that did not lead yields for at least one year of this three-year 
trial. No-tillage corn had significantly higher weed pressure from several species, and soybeans had 
significantly higher levels of giant foxtail with no-tillage. The study also compared ridge and reduced 
tillage yields and weed profile development; the third year of the study constituted the eighth year that 
those systems were in place. Ridge tillage soybeans had higher yields and significantly higher weed 
pressure for a number of species; no trends were detected for corn yields or weeds. 
Background tunity to observe a long-standing field demon-
Tillage systems have long been used for seed- stration of four systems: conventional tillage 
bed preparation as well as for insect, disease, (fall plowing), reduced tillage (discing), no-
and weed control. At the same time, reducing tillage, and ridge tillage. These systems were 
soil erosion is of great concern to growers and in place for eight years on the Russ Reed farm 
the government alike. Conservation tillage and for 15 years at the Southeast Iowa Conser­
reduces soil erosion by allowing crop residue vation Tillage Project on the Iowa Army Am-
to remain on the soil surface, increasing filtra- munition Plant farm. (The project was begun 
tion, and reducing runoff. Less tillage also in 1980 to study the time, fuel, and economic 
means less destruction of weeds in the initial requirements of different tillage systems.) The 
stages of crop growth. Growers must weigh demonstrations addressed weed species and 
the benefits of less tillage against the need for populations as they developed over the years. 
different weed management strategies. The information was intended to help farmers 
plan weed control strategies using sustainable 
The 1985 and 1990 farm bills encouraged tillage systems to comply with the farm bills. 
several reduced tillage systems to be used as a 
way to protect soil from erosion by wind and 
water. The overall success of such approaches 
will depend greatly on growers' ability to 
manage weeds. Farmers practicing conserva­
tion tillage can benefit from an ability to 
predict the type of weed pressure and weed 
species that are likely to develop with the 
different tillage systems. 
In 1995, some 20,000 additional acres of no-
tillage were implemented in Des Moines 
County on highly erodible land. Demonstra­
tions cosponsored by Southeastern Iowa Com­
munity College in Burlington were intended 
to help farmers bridge the gap between new 
tillage technology and weed control. Des 
Moines County farmers were given the oppor-
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Because these long-term tillage systems de­
veloped different weed populations over time, 
and because multi-year records of these plots 
provided historical data, these sites were well 
suited to an investigation of the interactions 
between tillage systems and weeds. 
Both agricultural productivity and environ­
mental quality can be maintained if growers 
can master weed management strategies in 
conservation tillage. This study helped to 
identify the changing weed problem and pre­
pare growers for new weed management strat­
egies to address weed concerns when moving 
from high levels of tillage to reduced or no-
tillage. The objectives of this project were to 
(1) evaluate weed populations and species for 
four tillage systems that have been in 
place for at least five years, 
(2) make yield comparisons to indicate the 
economic effects of tillage systems, 
(3) train	 growers in identification of weed 
species common to those tillage systems, 
and 
(4) make growers aware of long-term tillage 
system effects on weed species and popu­
lations. 
Approach and methods 
The study consisted of two experiments. Ex­
periment I was conducted on previously ran­
domized plots that had been in place for 15 
years; the plots were planted to a corn soybean 
rotation as in the past, and weed profiles and 
crop yields were then studied for no-tillage, 
reduced tillage, and conventional tillage treat­
ments. Weed data were collected from tillage 
strips 105 feet wide by 1,150 feet long to help 
farmers prepare for weed control characteris­
tics of selected tillage systems. Two check 
areas, free from herbicides, were protected in 
each tillage plot by covering them with plastic 
or turning the sprayers off during application. 
Weed control of the plots was at the discretion 
of the grower. Weeds were identified and 
counted in checks and five herbicide-treated 
sites per tillage strip. Observation sites were 
one square yard in size. Data were collected as 
soon after planting as possible and just prior to 
cultivation or spraying. Data were analyzed 
by Iowa State University Agronomy staff. 
Experiment II compared ridge and reduced 
tillage yields and weed profile development 
on a system that had been in place for eight 
years (as of the third year of this study). Again, 
weed profile development was studied over 
the three-year period. 
In-field weed identification training for area 
farmers was held in June and July each year of 
the project. Weed control methods and resi­
due management were also presented in sev­
eral summer sessions. 
Slide sets of the tillage systems, weed species, 
and infestations were developed for use in at 
least two meetings held in January and Febru­
ary each year of the project. Harvest yields and 
some variable cost results were collected and 
summarized for each tillage system; this infor­
mation was also presented at the winter meet­
ings. 
Findings 
In Experiment I, only no-tillage never led 
yields during the three-year project period. 
Corn yields in Experiment II were also vari­
able, yielding higher than ridge tillage for two 
of the three years. Experiment I soybean 
yields revealed no clear advantage for any 
tillage system. Ridge tillage led the soybean 
yields in all three years for Experiment II. 
Conventional tillage had the highest corn yield 
(and lowest weed pressure) for 1992 on Ex­
periment I. No-tillage had the lowest corn 
yield with the higher weed population. In 
1993 in Experiment I, no-tillage corn had the 
highest weed population and intermediate 
yield. In 1994, no-tillage corn had the highest 
overall weed population except for velvetleaf 
and the lowest yield. Giant foxtail (see Fig. 1), 
marestail, dandelion, and yellow nutsedge were 
significantly higher for no-tillage than for re­
duced or conventional tillage. Reduced tillage 
corn had the highest population of velvetleaf. 
In Experiment II (ridge and reduced tillage), 
1992 corn yield was lower on reduced tillage, 
which had significantly higher weed popula­
tions for giant foxtail, prickly sida, and 
velvetleaf. The dandelion population was 
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significantly higher for ridge tillage. In 1993, 
Experiment II had the highest corn yield in 
reduced tillage but no significant differences 
for weed population. In 1994, reduced tillage 
had the highest corn yield but had significantly 
higher giant foxtail, velvetleaf, and spiny sida 
populations. Ridge tillage corn had signifi­
cantly higher dandelion populations. 
In Experiment I, the same data gathered for 
soybeans indicated that reduced tillage had the 
lowest yield and the lowest giant foxtail weed 
pressure in 1992. Conventional tillage had the 
highest yields. In 1993, no-tillage and conven­
tional tillage had nearly equal yields, and weed 
populations did not differ. In 1994, soybean 
yields were highest on reduced tillage and 
lowest on conventional. No-tillage had sig­
nificantly higher giant foxtail, marestail, and 
lambsquarter populations. Velvetleaf pres­
sure was highest in reduced tillage. 
In Experiment II in 1992, ridge tillage had the 
highest yield and significantly more giant fox­
tail and lambsquarter. In 1993, ridge tillage 
had greater yields and significantly higher 
giant foxtail, prickly sida, and dandelion pres­
sure. In 1994, ridge-tillage soybean yields 
were higher but also had significantly more 
weed population for giant foxtail. Reduced 
tillage had significantly higher lambsquarter 
pressure. Weed control results using herbi­
cides changed significantly during the study. 
Use of post-emergence chemicals increased 
during the study time frame and changed the 
type and timing of chemical use. 
Corn and soybeans were rotated each year of 
the study; thus years one and three were con­
ducted on the same plots. Even so, weed 
populations were not the same for all of the 
study sites. Over the long term, the no-tillage 
corn in Experiment I seemed to increase weed 
pressure and coincide with reduced yield. In 
Experiment II, weed population and corn yields 
were more variable. 
In Experiment I, soybean yields seemed to be 
more variable on all tillage types. No-tillage 
had the highest population of giant foxtail for 
years 1992 and 1994. Ridge tillage on Experi-
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ment II had the greatest weed pressure and also 
the highest yield. 
Weed species were usually constant for a given 
location year after year. Drainage and other 
factors seemed to play a significant role in the 
location of certain weeds. Giant foxtail was 
probably the most prevalent weed in the study. 
No-tillage and ridge tillage seemed to have a 
higher incidence of weeds, which did not al­
ways reduce yields. 
Implications 
No tillage and ridge tillage seemed to have a 
higher incidence of weeds, but this result was 
not consistently correlated with reduced yields. 
Sustainable agriculture practices like no-till-
age or ridge tillage must be manageable in 
terms of weed pressure and capable of produc­
ing adequate crop yields if they are to be 
considered economically viable. 
New low-rate, post-emergence herbicides and 
genetically engineered herbicide-resistant va­
1 = lower part of plant 
2 = stem with panicle 
3 = spikelets with bristles 
attached. 
Fig. 1. Giant foxtail was the most prevalent

weed in the study. Weed illustrations used in

the identification sessions were reprinted

from Weeds of the North Central States,

NCRR Publication No. 281, 1981.
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rieties are now being tried to make no-tillage 
and ridge tillage management systems profit­
able and more environmentally benign. On-
farm adaptation will probably answer these 
questions over time. Although policy has 
encouraged the shift to these tillage systems, 
the questionable sustainability of these sys­
tems in terms of chemical use, weed pressure, 
and profitability has prompted many produc­
ers to consider moving away from them. The 
adaptability of no-tillage to soils that are poorly 
drained also needs to be addressed. 
Education and outreach: A series of in-field 
meetings, winter meetings, and fact sheets 
conveyed findings from the study. A four-
session course for farmers who want better 
management of weed profiles on various till­
age systems was delivered annually over the 
three years of the project. Information from 
the tillage demonstration was presented in 
these sessions as well as in a slide set. 
Evaluation: Data were collected on partici­
pant enrollment, tillage systems used by par­
ticipants, and participants' reactions to the 
various types of information and methods by 
which they were provided. An average of 35 
persons attended each of the 12 sessions of­
fered. Some 190 participants attended winter 
meetings, and 232 attended field days; 230 
participants attended afternoon sessions, and 
195 attended evening sessions. A high per­
centage of the participants use no-tillage. 
Course presentation was evaluated by ques­
tionnaire to gauge participants' reactions to 
the information they gained, whether their 
views changed as a result, the method of pre­
sentation, the quality of the presenters, and the 
scheduling of the presentations. 
Although measuring attitudinal change is dif­
ficult, 82% of participants indicated that the 
project had done an adequate job in this regard. 
Weed identification information was given 
higher than a fair (3) rating (on a scale of 1 to 
5 representing "poor" to "good") by 93% of 
participants; 87% indicated that the weed popu­
lation information was higher than "fair"; 89% 
considered course presentation better than fair. 
Cooperation: Field technicians, landowners 
and managers of the study sites, area extension 
crop specialists, and Soil Conservation Ser­
vice (now NRCS) staff helped with program 
planning, implementation, education, and iden­
tification of farmers adopting new tillage sys­
tems for the 1985 and 1990 Farm Bill pro­
grams. Several agribusiness companies con­
tributed pesticides and other supplies. 
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